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METHOD AND DEVICE FOR MANUFACTURING POWDER MOLDED BODY 



(57) Material powder 1 7 is filled in a cavity 1 6 which 
is composed of a die 12 having a die hole 11 in a shape 
matching the contour of a green compact and a lower 
punch 13. The material powder 17 is temporarily com- 
pressed by an upper punch 14 and the lower punch 13 
to obtain a prefomn 1 8. A punch-out pin 15a is inserted 
into the preform 18 to punch out a shape of a through- 
hole 3. The preform 18 Is pressurized and compressed 
by both of the upper and lower punches 1 4, 1 3 to obtain 
a green compact 19. The punch-out pin 15a is pulled 
out from the green compact 1 9 and the green compact 
19 is taken out from the cavity 16. Further, the green 
compact 19 is sintered and a pair of leg parts 24 con- 
nected continuously at a base part 23 and an undercut 
part 25 between the leg parts 24 are fonned by cutting 
off a part of a peripheral wall 26 of a through-hole 25a. 
The punched-out material powder 1 7 is retracted to and 
stored in the outside of the cavity 1 6 and refilled into the 
through-hole 3 after the punch-out pin 1 5a is pulled out. 
The material powder 1 7 is removed after the green com- 
pact 1 9 is taken out. 



FIG. 3 Co) 




FIG. 3(b) 
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Description 

Technical Field 

[0001 1 The present Invention relates to a manufactur- 
ing melhod and a manufacturing device of a green com- 
pact having a through-hole at a part connected contin- 
uously to a base part or a green compact having a pair 
of leg parts connected continuously at a base part in 
which a part between both leg parts is an undercut part. 

Background Art 

[0002] Conventional machineparts include P/M (pow- 
der metallurgy) product shown in FIG. 1(a), FIG. 1(b), 
and FIG. 3(a). The product shown in FIG. 1 (a) compris- 
es a rack 2 at an end of a base part 1 and has an axis 
hole 3 penetrating a part connected continuously to the 
base part 1 formed therein. The product shown in FIG. 
1 (b) comprises a hook part 5 at an end of an arm 4 ex- 
tending from the base part 1 and has the axis hole 3 
penetrating the part connected continuously to the base 
part 1 fonried therein. 

[0003] On the other hand, the product shown in FIG. 
3(a) is composed of a hook part 22 provided at the front 
end of a rod part 21 and a pair of leg parts 24, 24 con- 
nected continuously at a base part 23 which is the rear 
end of the rod part 21 , and has an undercut part 25 be- 
tween the leg parts 24, 24. 

[0004] Methods for manufacturing such a machine 
part having the axis hole 3 or the undercut part 25 by PI 
M include a method in which a green compact in a shape 
without the axis hole 3 or the undercut part 25 is first 
sintered, and then, the axis hole 3 is provided by drilling 
work or the undercut part 25 is provided by cutting work 
and the like, and a method In which the axis hole 3 or 
the undercut part 25 is provided at the same time of the 
powder compaction. 

[0005] As described in the fonner method, in a case 
of performing the drilling work or the cutting work on the 
sintered compact, the powder compacting is performed 
using a die having a die hole in a shape matching the 
contour of a desired molded body in a vertical direction 
and a pair of punches inserted into the die hole from the 
upside and underside of the die. Rrst, material powder 
is filled in a cavity which Is formed of the die hole and a 
lower punch inserted into the die hole from the under- 
side of the die. Next, the material powder Is pressurized 
and compressed by the upper and lower punches to a 
prescribed thickness and the obtained green compact 
Is taken out from the upside of the die hole. The green 
compact is sintered, and thereafter, the axis hole 3 is 
formed by the drilling work or the undercut part 25 is 
formed by the cutting work. In this method, however, the 
drilling work or the cutting work is time-consuming and 
requires an extra cost. 

[0006] On the other hand, in a case of fomningthe axis 
hole 3 or the undercut part 25 at the same time as the 



time of powder compacting as described In the latter 
method, a powder compacting device is utilized which 
comprises, In addition to the die and the upper and lower 
punches, a horizontal punch or a core movable in a di- 
s rection perpendicular to a pressurizing direction for 
shaping the axis hole 3 or the undercut part 25. 
[0007] As for the powder compacting device compris- 
ing the horizontal punch for shaping the axis hole 3 or 
the undercut part 25, a method is known in which the 
cavity fornied of the die hole and the lower punch is filled 
with the material powder while being penetrated by the 
horizontal punch, the material powder is compressed to 
the prescribed thickness by the upper and lower punch- 
es, the horizontal punch is pulled out from the obtained 
green compact, and the green compact is taken out from 
the upside of the die hole. In this manufacturing method, 
since the cavity is filled with the material powder while 
being penetrated by the horizontal punch, the material 
powder is not unifomnly filled into a lower part than the 
horizontal punch in the cavity, and It is sometimes Im- 
possible to shape a green compact especially when it 
has a shape in which thickness of a periphery of the axis 
hole 3 or the undercut part 25 (the base part 1 or the leg 
part 24) is thin. 

[0008] As for the manufacturing method in which a 

core in a shape corresponding to the shape of the axis 
hole 3 or the undercut part 25 is disposed In the cavity 
in advance, the cavity with the core disposed therein Is 
filled with the material powder, the upper punch is insert- 
ed under pressure from an opening of the cavity, and 
the material powder is pressurized and compressed so 
as to obtain the green compact. The core is removable 
from the pressurized and compressed green compact 
and, by pulling it from the compacted body, the green 
compact having the axis hole 3 or the undercut part 25 
can be obtained. In this manufacturing method, howev- 
er, it is difficult to obtain the uniform density of the ma- 
terial powder in a lower part and in an upper part than 
the core when the material powder is filled. 
[0009] Another method Is also known in whteh the 
cavityfomiedof the die hole and the lower punch Is filled 
with the material powder, the material powder is pres- 
surized and compressed by the upper and lower punch- 
es, and the axis hole 3 or the undercut part 25 is 
punched out by a punch-out punch. However, In this 
manufacturing method, when the green compact ob- 
tained by the pressurization and compression is 
punched out by the punch-out punch, chipping, break- 
age or the like may be caused in the green compact. 
[001 0] Moreover, if a part of the periphery of the axis 
hole 3 or the undercut part 25 (the base part 1 or the leg 
part 24) becomes thin due to the fomning of the axis hole 
3 or the undercut part 25 as shown in FIG. 1 (b) or FIG. 
3(a), both of the manufacturing methods using the core 
or the punch-out punch have a disadvantage that break- 
age may be caused in the thin part when the green com- 
pact with the axis hole 3 or the undercut part 25 formed 
therein Is taken out. In a case In which the undercut part 
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25 is formed, there is also a disadvantage that deforma- 
tion such as warpage may occur in the leg part 24 in 
sintering which is performed after the powder compac- 
tion. 

Disclosure of the Invention. 

[0011] In order to solve these disadvantages, an ob- 
ject of the present invention is to provide a manufactur- 
ing method in which a green compact having a through- 
hole or an undercut part can be easily manufactured 
without causing breakage. 

[0012] Another object of the present invention is to 
provide a manufacturing device appropriate for the man- 
ufacturing method of the green compact having the 
through-hole or the undercut part. 
[0013] To achieve these objects, the manufacturing 
method of the green compact according to the present 
invention is characterized in that it comprises a step of 
filling material powder into a cavity fornned of a die hav- 
ing in a vertical direction a die hole in a shape matching 
a contour of the green compact including a through-hole 
at a part connected continuously to a base part and a 
lower punch inserted into the die hole from the under- 
side of the die, a step of obtaining a preform by tempo- 
rarily compressing the material powder filled in the cav- 
ity by means of an upper punch inserted from the upside 
of the die into the die hole and the lower punch, a step 
of punching out a shape of the through-hole by inserting 
a punch-out pin having a shape corresponding to a 
cross-section of the through-hole into the preform, a 
step of obtaining a green compact by pressurizing and 
compressing the preform by means of both of the upper 
and lower punches In a state In which the punch-out pin 
Is being Inserted, a step of pulling out the punch-out pin 
from the green compact, and a step of taking out the 
green compact from the cavity. 

[0014] According to the manufacturing method of the 
present invention, the lower punch is first inserted into 
the die hole from the underside of the die so that the 
cavity is formed of the lower punch and the die hole. 
[001 5] The material powder is then filled in the cavity. 
When the material powder is filled, the upper punch is 
Inserted into the die hole from the upside of the die and 
the material powder is temporarily compressed between 
the upper and lower punches so that the preform is ob- 
tained. On this occasion, since a core is not disposed in 
the cavity, the material powder can be filled at unifomn 
density. 

[001 6] The punch-out pin Is then inserted into the pre- 
form. On this occasion, since the material powder is 
temporarily compressed as described above, the shape 
of the through-hole can be easily punched out by the 
punch-out pin. 

[0017] Thereafter, the preform Is pressurized and 
compressed by both of the upper and lower punches 
while the punch-out pin is being inserted into the pre- 
form. As the punch-out pin works as a core, the green 



compact having the through-hole in a shape matching 
the contour of the punch-out pin is obtained. The pre- 
form is obtained by temporarily compressing the mate- 
rial powder which is filled at the uniform density. There- 

s fore, by further pressurizing and compressing the pre- 
form, a possibility that the material powder upper than 
the punch-out pin and that lower than the punch-out pin 
have different density can be prevented even if the 
punch-out pin is being inserted. 

10 [0018] The punch-out pin is then pulled out from the 
obtained green compact and the green compact is taken 
out so that a completed product can be obtained. 
[0019] The manufacturing method of the green com- 
pact according to the present invention is also charac- 

15 terlzed in that it further comprises a step of sintering the 
green compact taken out from the cavity and a step of 
forming a pair of leg parts connected continuously at the 
base part and an undercut part fonned between both of 
the leg parts by cutting off a part of a peripheral wall 

20 which forms the through-hole of the sintered compact. 
[0020] Although a thin part is formed around the 
through-hole of the taken-out green compact, the thin 
part itself is the peripheral wall of the through-hole and 
connected at a part facing the base part, and thereby 

25 defomnation is limited in the sintering and warpage or 
the like can be securely prevented from occurring. 
[0021] Thus, the green compact having the pair of leg 
parts connected continuously at the base part and the 
undercut part fornned between both of the leg parts can 

30 be obtained by sintering the taken-out green compact 
and thereafter, cutting off the part of the peripheral wall 
which forms the through-hole. 

[0022] If the pair of leg parts are wished to be parallel 
to each other when the green compact having the leg 

35 parts and the undercut part is formed, the through-hole 
is made to have a pair of parallel parts extending from 
the base part, a part of the through-hole facing the base 
part is cut off , and thereby, a second sintered compact 
having a pair of parallel leg parts connected continuous- 

^0 ty at the base part can be formed. According to the man- 
ufacturing method of the present invention, since the de- 
formation such as the warpage or the like does not occur 
in the thin part around the through-hole in the sintering 
described above, an excellent parallel state can be giv- 

45 en to the leg parts. 

[0023] Further, the manufacturing method of this in- 
vention is characterized in that' it comprises a step of 
retracting and storing the material powder, which is 
punched out in said step of punching out a shape of said 

50 through-hole by Inserting a punch-out pin into said pre- 
form, outward of the cavity; a step of refilling the stored 
material powder into said through-hole from which said 
punch-out pin has been pulled out in said step of pulling 
out the punch-out pin from the green compact; and a 

55 step of removing the material powder refilled Into said 
through-hole after said step of taking out said green 
compact from said cavity. 
. [0024] In this manufacturing method, If the through- 
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hole is kept as a hollow after the punch-out pin is pulled 
out from the green compact obtained by further pressu- 
rizing and compressing the preform, the thin part may 
break when the green compact is taken out Therefore, 
when the punch-out pin is inserted into the prefomri to 
punch out the shape of the through-hole, the punched- 
out material powder Is retracted to the outside of the cav- 
ity by the punch-out pin and stored. At the time when 
the punch-out pin is pulled out from the green compact 
obtained by the pressurizatlon and compression, the 
material powder retracted as described above is refilled 
into the through-hole from which the punch-out pin has 
been pulled out. Since the retracted material powder is 
temporariiy compressed as described above, it can be 
refilled into the through-hoie easily without losing its 
shape. 

[0025] When the green compact is taken out thereaf- 
ter, the green compact can betaken out without causing 
breakage because its thin part is reinforced by the ma- 
terial powder filled in the through-hole. The taken-out 
green compact can then become a complete product by 
removing the material powder refilled in the through- 
hole. 

[0026] The material powder punched out as de- 
scribed above may be collected and recycled instead of 
being refilled into the through-hole. 
[0027] The manufacturing method according to the 
present invention in which the punched-out material 
powder is refilled into the through-hole as described 
above can be realized more advantageously by a device 
for manufacturing the green compact, comprising: 

a die having in a vertical direction a die hole in a 
shape matching a contour of the green compact In- 
cluding a through-hole at a part connected contin- 
uously to abase part; 

the lower punch inserted from an underside of the 
die into the die hole and forming a cavity to be filled 
with the material powder together with the die; 
an upper punch inserted from an upside of the die 
into the die hole and pressurizing and compressing 
the material powder filled in the cavity together with 
the lower punch; 

a punch-out pin having a sectional shape corre- 
sponding to a cross-section of the through-hoie, 
provided in the die to face the cavity, and inserted 
into a preform formed by temporarily compressing 
the material powder by means of both of the upper 
and lower punches to punch out a shape of the 
through-hole; and 

a refill pin having a sectional shape corresponding 
to the cross-section of the through-hole, provided 
in the die to face the cavity and the punch-out pin, 
moving backward in synchronization with forward 
movement of the punch-out pin when the punch-out 
pin is inserted into the preform, and moving forward 
in synchronization with backward movement of the 
punch-out pin when the punch-out pin Is pulled out 



from the preform to refill the material powder Into 
the through-hole. 

[0028] According to the manufacturing device of the 

s present invention, when the punch-out pin is Inserted 
into the preform to punch out the shape of the through- 
hole, the refill pin provided to face the punch-out pin 
moves backward in synchronization with the forward 
movement of the punch-out pin. As the result, the ma- 

10 teriai powder in the shape of the through-hoie which has 
been punched out by the punch-oat pin is sandwiched 
between the punch-out pin and the refill pin, retracted 
to a position where the refill pin has been before moving 
backward, and stored as it is. 

IS [0029] Then, when the punch-out pin is pulled out 
from the preform, the refill pin moves forward in synchro- 
nization with the backward movement of the punch-out 
pin. As the result, the material powder stored in the po- 
sition where the refill pin has been before moving back- 

20 ward mov^ while being sandwbhed between the 
punch-out pin and the refill pin so as to be refilled into 
the through-hole. 
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Brief Description of Drawings 
[0030] 

FIGS. 1 are perspective views showing examples 
of a green compact, and FIGS. 2 are explanatory 
cross-sectional views showing a manufacturing de- 
vice and a manufacturing method of the green com- 
pact shown in FIGS. 1 . 

FIGS. 3 are perspective views showing another ex- 
. ample of the green compact, FIG. 4 Is a cross-sec- 
tional view taken along a line IV-iV In FIGS. 3, and 
FIG. 5 is a cross-sectional view taken along a line 
V-V in FIG. 2(a). 

Best Mode for Carrying out the Invention 



[0031] Hereinafter embodiments according to the 
present invention wilt be explained in detail with refer- 
ence to the attached drawings. 

[0032] First of all, a case of manufacturing a green 
45 compact in a shape shown in FIG. 1 (a) or FIG. 1 (b) will 
be explained as an example of a first embodiment of the 
present invention. 

[0033] The P/M products shown in FIG. 1 (a) and FIG. 
1 (b) are used as machine parts as described above, the 

50 product in FIG. 1 (a) comprises a rack 2 provided at an 
end of a base part 1 and an axis hole 3 formed by pen- 
etrating a part connected continuously to the base part 
1 , and the product in FIG. 1 (b) comprises a hook part 5 
provided at an end of an arm 4 extending from the base 

55 part 1 and the axis hole 3 formed by penetrating the part 
connected continuously to the base part 1 . 
[0034] In this embodiment, as shown in FIG. 2(a), a 
device used for manufacturing the green compact 
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shown in FiGS. 1 comprises a die 12 having a die hole 
11 in a vertical direction, a lower punch 13 inserted from 
the underside of the die 12 into the die hole 1 1 , and an 
upper punch 14 inserted from the upside of the die 12 
Into the die hole 11. Botfi of the punches are provided 
to ascend and descend freely. 

[0035] The die hole 1 1 has a shape matching the ver- 
tical contour of the green compact when the axis hole 3 
of the green compact shown in FIGS. 1 is disposed hor- 
izontally, in the die 12, a punch-out pin 15a and a refill 
pin 15b In a shape corresponding to a cross-section of 
the axis hole 3 are provided to face the die hole 1 1 , op- 
posing to each other. 

[0036] in this device, the die 12, the lower punch 13, 
the upper punch 1 4, the punch-out pin 1 5a, and the refill 
pin 15b are controlled by a not-shown controller. A mi- 
crocomputer including CPU, RAM, ROIVI, and the like is 
utilized as the controller. 

[0037] Next, a manufacturing method of this embodi- 
ment will be explained with reference to FIG. 2(a) to FIG. 
2(f). 

[0038] As shown in FIG. 2(a), an upper surface of the 
lower punch 13 is positioned at a lower part in the die 
hole 11 of the die 12 thereby forming a cavity 1 6 of the 
die hole 11 and the lower punch 13. On this occasion, 
the upper punch 14 is l<ept on standby above the die 
hole 11 and the punch-out pin 15a and the refill pin 15b 
are kept on standby at positions in which their ends face 
the die hole 11. 

[0039] The cavity 1 6 is then filled with material powder 
1 7 by a not-shown feeder. Powder of ferrous metals and 
the like can be utilized as the material powder 17. 
[0040] Thereafter, as shown in FIG. 2(b), the upper 
punch 14 descends and temporarily compresses the 
material powder 17 which is filled in the cavity 16 be- 
tween the upper punch 14 and the lower punch 13 so 
as to form a preform 1 8. Such a degree of the temporary 
compression that the material powder 17 can be main- 
tained in the shape of the preform 1 8 is enough, and 
excessive compression is not necessary. The temporary 
compression is generally carried out to compress the 
material powder 1 7 by 20 to 30%. 
[0041] Then, as shown in FIG. 2(c), the punch-out pin 
15a is inserted into the preform 1 8 to punch out a shape 
of the axis hole 3. The refill pin 15b moves backward In 
synchronization with the fonward movement of the 
punch-out pin 15a. As the result, the punch-out pin 15a 
is inserted to a part in the die 12 where the refill pin 15b 
has been disposed. The material powder 17 (a part of 
the prefomri 1 8) punched out of the prefomn 1 8 by the 
punch-out pin 15a is retracted to a part in the die 12, 
where the refill pin 15b has been moved backward, while 
the material powder 17 is being sandwiched between 
the punch-out pin 1 5a and the refill pin 1 5b. The material 
powder 1 7 is stored in the die 12. 
[0042] The preform 1 8 is then pressurized and com- 
pressed between the upper punch 14 and the lower 
punch 13 while the punch-out pin 15a is being Inserted 



therein as shown in FIG. 2(d), so as to finally form a 
green compact 1 9 having the shape sliown In FIG. 1 (a) 

or FIG. 1(b). 

[0043] Subsequently, the punch-out pin 15a is pulled 
5 out from the green compact 1 9 as shown In FIG. 2(e). 
On this occasion, if the die 12 and the upper punch 14 
are slightly raised in advance, an inner stress caused in 
the green compact 19 by the pressurization and com- 
pression Is released, which allows the punch-out pin 15a 
10 to be pulled out easily. 

[0044] When the punch-out pin 1 5a moves backward, 
in synchronization with the backward movement, the re- 
fill pin 15b moves forward. The ends of the punch-out 
pin 1 5a and the refill pin 1 5b are returned to the state in 
IS which they face the die hole 11 as shown in FIG. 2(e>. 
[0045] As the result, the material powder 1 7 which has 
been stored in the die 12 while being sandwiched be- 
tween the punch-out pin 15a and the refill pin 15b is 
pushed by the refill pin 15b to be refilled into the axis 
hole 3 of the green compact 19. 
[0046] Then, as shown In FIG. 2(f), the die 12 de- 
scends while the green compact 1 9 is being lightly sand- 
wiched between the upper punch 14 and the lower 
punch 13 to knock out the green compact 19 and the 
upper punch 14 ascends and moves to the upper part 
of the die hole 11 so that the green compact 19 is re- 
leased. 

[0047] Sincethetemporarily compressed powder ma- 
terial 17 is refilled into the axis hole 3, the thin part of 
the base part 1 of the green compact 19 Is reinforced. 
Therefore, even if the green compact is released as de- 
scribed above, breakage is not caused in the thin part 
and a product in a complete shape can be obtained. 
[0048] After being taken out from the die, the green 
compact 1 9 can be made Into the shape shown In FIG. 
1 (a) or FIG. 1 (b) by removing the powder material 17 
refilled into the axis hole 3 and sintering the green com- 
pact 19. Since the powder material 17 is not integrated 
with the green compact 1 9 but only filled in the axis hole 
3, it can be removed easily by air blowing or the like. 
[0049] Subsequently, a case of manufacturing PM 
product in a shape shown in FIG. 3(a) will be explained 
as a second embodiment according to the present in- 
vention. The product shown in FIG. 3(a) is utilized as a 
machine part as described above, composed of a hook 
part 22 provided at the front end of a rod part 21 and a 
pair of parallel leg parts 24, 24 connected continuously 
at abase part 23 which is the rear end of the rod part 21 . 
and has an undercut part 25 between the leg parts 24, 
24 as described above. 

[0050] in order to get the product in a shape shown in 
Fig. 3(a) in this embodiment, a green compact shown in 
FIG. 3(b) is first manufactured. The green compact 
shown in FIG. 3(b) is so structured that the leg parts 24, 
24 are connected at a connection part 26 provided at a 
part facing the base part 23, and the undercut part 25 
shown in FIG. 3(a) is varied to a through-hole 25a sur- 
rounded by the teg parts 24, 24 and the connection part 
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26. As the result, the through-hole 25a is connected con- 
tin uously to the base part 23 and has a shape including 
the parallel parts 24, 24 extendingfrom the base part 23. 
[0051] Since the green compact shown in FIG. 3(b) 
has the same structure as that of the green compact 
shown In FIG. 1(a) and FIG. 1(b) except that the axis 
hole 3 is varied to the through-hole 25, it can be formed 
in the same method as that of the aforesaid first embod- 
iment, in accordance with the steps in FIG. 2(a) to FIG. 
2(f). 

[0052] In this embodiment, a thin part around the 
through-hole 25a (specifically, the leg part 24 in FIG. 3 
(b)) of the green compact 1 9 shown in FIG. 2(f) is rein- 
forced because the temporarily compressed powder 
material 1 7 is refilled Into the through-hole 25a. Accord- 
ingly, even if the green compact is taken out In the afore- 
said releasing way, the thin leg part 24 does not break. 
[0053] After the green compact 1 9 is taken out, It can 
be made into the shape in FIG. 3(b) by removing the 
powder material 17 refilled Into the through-hole 25a. 
Since the powder material 17 is not integrated with the 
green compact 1 9 but only filled in the through-hole 25a, 
it can be removed easily by air blowing or the like. 
[0054] Then, by sintering the green compact 19, a 
compacted body in which the powder material 1 7 Is mu- 
tually combined can be obtained. The leg parts 24, 24 
are connected by the connection part 26 and an excel- 
lent parallel state can thus be obtained without causing 
deformation such as warpage in the sintering. 
[0055] Thereafter, the sintered compact 1 9 is cut at 
the position of a virtual line shown in FIG. 4 to cut off the 
connection part 26. As the result, a side of the through- 
hole 25a which faces the base part 23 Is opened so that, 
as shown in FIG. 3(a), a desired product (a second sin- 
tered product) comprising a pair of parallel leg parts 24, 
24 connected continuously at the base part and having 
the undercut part 25 formed between the leg parts 24, 
24 can be obtained. 

[0056] Since only the connection part 26 is cut off, the 
undercut part 25 can be formed much more easily than 
in the case of perfomriing cutting work and the like on a 
massive green compact. The cut-off of the connection 
part 26 can be performed by a device which is generally 
known by itself. 

[0057] Although the through-hole 25a has the shape 
including the parallel parts 24, 24 extending form the 
base part 23 in this embodiment, the shape of the 
through-hole 25a is not limited to this, and the pair of leg 
parts 24, 24 of the green compact are not limited to the 
parallel ones. 

[0058] In each of the embodiments, as shown in FIG. 
2(a) to FIG. 2(f), the lower punch 13 and the upper punch 
14 are explained as singular punches, but the lower 
punch 13 and the upper punch 14 may be divided into 
several parts corresponding to the shape of the green 
compact. For example, in a case of shaping the green 
compact shown in FIG. 3(b), the connection part 26 of 
the green compact shown In FIG. 3(b) Is fomned by a 



lower punch 13a and an upper punch 14a, the leg part 
24 is formed by a lower punch 1 3b and an upper punch 
14b, and the rod part 21 including the not-shown hook 
. part 22 is formed by a lower punch 1 3c and an upper 
s punch 14c as shown In FIG. 5. Each of the punches Is 
provided to ascend and descend freely and independ- 
ently. 

[0059] Furthermore, in each of the embodiments, 
when the punch-out pin 15a is inserted into the preform 

10 18 to punch out the shape of the axis hole 3 or the 
through-hole 25a, the punched~out material powder 17 
is stored in the die 12, and when the punch-out pin 15a 
is pulled out, the material powder 17 is refilled into the 
axis hole 3 or the through-hole 25a. However, it is not 

is always necessary for the punched-out material powder 
1 7 to be refilled into the axis hole 3 or the through-hole 
25a and, for example, the punched-out material powder 
1 7 may be fallen into and collected in a hollow which is 
provided in the die 12. The collected material powder 

20 17 can thereby be recycled. 

Industrial Applicability 

[0060] The present invention can be utilized for man- 
25 ufacturing a green compact having a through-hole or an 
undercut part. 



Claims 

30 

1 . A method for manufacturing a green compact, com- 
prising: 

a step of filling material powder into a cavity 

3s formed of a die having In a vertical direction a 

die hole in a shape matching a contour of said 
green compact including a through-hole at a 
part connected continuously to a base part and 
a lower punch inserted from an underside of 

40 said die into said die hole; 

a step of obtaining a preform by temporarily 
compressing the material powder filled in said 
cavity by means of an upper punch inserted 
from an upside of said die into said die hole and 

45 said lower punch; 

a step of punching out a shape of said through- 
hole by inserting a punch-out pin having a 
shape corresponding to a cross-section of said 
through-hole into said preform; 

50 a step of obtaining said green compact by pres- 

surizing and compressing said preform by 
means of both of said upper and lower punches 
in a state in which said punch-out pin is being 
inserted; 

55 a step of pulling out said punch-out pin from 

said green compact; and 
a step of taking out said green compact from 
said cavity. 
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2. A method for manufacturing a green compact ac- 
cording to ciaim 1 , further comprising: 

a step of sintering said green compact taken 
out from said cavity; and s 
a step of forming a pair of leg parts connected 
continuously at said base part and an undercut 
part fonned between both of said leg parts by 
cutting off a part of a peripheral wall forming 
said through-hole of said sintered compact. io 

3. A method for manufacturing a groen compact ac- 
cording to claim 2, 

wherein said through-hole includes a pair of 
parallel parts extending from said base part, said is 
step of forming a pair of parallel leg parts connected 
continuously at said base part and an undercut part 
formed between both of said leg parts is perfomied 
by cutting off apart facing said base part from the 
peripheral wall which fomns said through-hole. 



rarlly compressing the material powder by 
means of both of said upper and lower punches 
to punch out a shape of said through-hole; and 
a refill pin having a sectional shape correspond- 
ing to the cross-section of said through-hole, 
provided in said die to face said cavity and to 
face said punch-out pin, moving backward In 
synchronization with forward movement of said 
punch-out pin when said punch-out pin is in- 
serted into the preform, and moving forward in 
synchronization with backward movement of 
said punch-out pin when said punch-out pin is 
pulled out from the preform to refill the material 
powder into said through-hole. 



A method for manufacturing a green compact ac- 
cording to any one of claim 1 to claim 3, further com- 
prising: 



25 



a step of retracting and storing the material 
powder which is punched out in said step of 
punching out a shape of said through-hole by 
inserting a punch-out pin into said preform, out- 
ward of the cavity; 

a step of refilling the stored material powder in- 
to said through-hole from which said punch-out 
pin has been pulled out In said step of pulling 
out the punch-out pin from the green compact; 
and 35 
a step of removing the material powder refilled 
into said through-hole after said step of taking 
out said green compact from said cavity. 

5. A device for manufacturing a green compact, com- 40 
prising: 

a die having In a vertical direction a die hole in 
a shape matching a contour of the green com- 
pact including a through-hole at a part connect- 45 
ed continuously to abase part; 
a lower punch Inserted from an underside of 
said die Into said die hole and forming a cavity 
to be filled with material powder together with 
said die, so 
an upper punch Inserted from an upside of said 
die into said die hole and pressurizing and com- 
pressing the material powder filled in said cav- 
ity together with said lower punch; 
a punch-out pin having a sectional shape cor- ss 
responding to a cross-section of said through- 
hole, provided in said die to face said cavity, 
and inserted Into a preform fonned by tempo- 
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FIG. 1 (b) 
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FIG. 2 (b) 





FIG. 2 Cd) 
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FIG. 3 (a) 




FIG. 3 (b) 
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ABSTRACT : PROBLEM TO BE SOLVED: To easily and surely unify the density of the raw powder in a 
green compact, to reduce the deformation even when the green compact is sintered, and 
to prevent generation of a defective product. 



SOLUTION: A lower punch 24 comprises a first punch 25 and a second punch 26 in a split 
manner in the direction orthogonal to the longitudinal direction of a male pin, etc., using a 
die 1 , upper and lower punches 24, 30, a male pin 9 to form a horizontal hole in a powder 
molded product, etc. The male pin, etc., is projected into a cavity 2 of the die 1 the lower 
punch 24 is inserted in the cavity 2 in a condition where a tip of the second punch 26 is 
projected out of the first punch 25 the raw powder is filled in the cavity 2 while the lower 
punch 24 is detached from the male pin the upper punch 30 is inserted in the cavity 2 and 
the tip of the second punch 26 is aligned with the tip of the first punch 25 and then, the raw 
powder is pressurized by the upper and lower punches 24, 30 and the green compact is 
drawn after the male pin, etc., is embedded from the cavity 2. 
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Jt*i:^t■•T>^•>'^ 2 4 ^ ^ A- b'f - ^ 2 (cm L , 

yi'2 4^mm^y9t-i^m L oo=Jr A- 1 7^ 2 izmm 

i: 1 1 icffi 2 V N'>^ 2 6 cD jfeSgS:^ 1 J t>-f - 2 5 (7)^ ■ 

sstr-fcs -frt *^ J:T'^> ^24, 30 Tmmm^^ 
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mMmzmrt^ x 6 tcisft, 

^ c7)^ ^ b'-f ^ Hu ia±^ n">'^ tat? i: t 
^ b'^ < f)^^mimm ttj-r J: a Ltz^ b "kmmt 

t bi>iz;itit>t3^mimi>z^mthh(7)^m^K 

ii2M'>-^^Hfjiaisi ''^•>^^:ML■r5[§ii^f ^ t i,zm 

-fr^y^h. mwmfK^mm-hfci^i.z^^\L^ < tea 

6^4aSF^i!Jom2M-y^i:TlfJt§n^i: i: ttcdix 
J: •S lizm.i'rhix. 

1^ 1 J^y^(^mz-^Vizm^t.X'mt^ :it^ 
] mi^-xy^b LX. mi^T>^y^(nm 



b bh^z:iix^iimnmz-mirth iofrffli,^ 

B>ria^4AN°>^{i, Km'5i5^cojni±Hfrt;. fjiBm2/s 
> ^^Miam 1 r<y+(,zn LxnmM^z b \.zmm^^ 

-V b'^ ^ r'-r/fCSigfflS-iir-S J; 3 tlBHrtl. ^ i: ^mmb 
[000 1] 

mMm^^<mmsmm/mmzmL. mz. ir^^y 
^TiraEE Lxn^^tth smmzis \ ^xmmmM<r)mm.i: 
z(^m§iwm^mzii\>fhwmm^^ 
^'h^<x^hXo\,zLtiii(n{^m-fh. 

[0002] 

r^zm^Lxim^tihrn-Mmmshin—iXh 0 . zor> 

?jru-:i^#<7)^"/Tl 0 1*>'S)S, >rco^">/Tl 0 1 
\i. mm 1 0 2 i;±TW® 1 0 3. 1 0 4 i: O-g-^iit 
tJJ?5l0 5, 1 O6Sr0mt--l.t t ffi!lffil02tC 
JRft.ffleo«|.7t 10 7 *>'^tt 4ixT v , 
[000 3] -eLT. C:<^J;d=S:^vri 0 Itii, It 
5^:1 0 7cOg|5^*iT>'.r-^-^bgPt^-&/iii6, 

(r)S.mi¥^:-f^t>t:>^^^'tZbif^^b^j:^. Vt-> 
X.mfll 0 7t:»«i^«./i*?><7)b>'S-r-f<^^-rb'7^ 

i,znLx^B.^mzmn. :z(7)\^yim]^^^fzmB. 

X'^-T bx ^ '^ffim*^ 5E« L . ± 
T>'N':x^T-JnffL3t^i:. tf> $-:^f ^ b'^ >f ■b^^&.X^ 
^xmmi*:^:^^ ij^^mm-tX oizLXi(imLX\>^ 

[0004] 

oj^^tci^LT. \^y^m^^^tfz^^^^J■^^mMm 

hmmmm^ixhzbiztch . mi,z. ^-vb-x-rw 

<. m^^fitzmw}W<m'Kr:HU9ti<zii\^x)mm^ 
(Timmtc&KKco, :icr>Kmf*i^mm^'txi>^cr>mi: 

mffatf^^mz^tb\,^'>timm.<^.^^ix\^^. 

[0005] 1-^i5*>. Km^(OmWi^}-Ty'j:\^^m^ 

(cii. z<r>&mmim^-t^b. mm<oM^^m-^xit 
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[0006] cic^ J: o4-*Wtcii^i^T^$ix 

^^^Jt^v^ < X^ . r^^^<7)^imstX'% S J; d t L 
[00 073 

aj^t s m^m^-i-i>tzibiz , ^^sfiicf^ -i. eiyvfii?^*^ 
-Hmxh-^x. mf^mm^K^ix^^^'i^^^pm^ 

S: . m let' > t ii:3c-f-€> (c^Scl::#»'J L 

m2ny^txm^-t& 1 1 uzzti^^m^mzwrn 

$ i: > t , HtrlBT.' N">'f-5: . Hulem 2 ' ^c^) 

J:otcL/::::i:?&!t#mtiJ--S. 
[0 0 083 ^fc, ±ISK3S:^a{ciDt^T{i:. Mlfii^N" 

^mf^m-iy^yi- k xmm-^ ttuz ztii^n^nim 

ten t&tsb^iz, mtm 2 } ^y^^mim 1 f <> ^iz 

kitx3\^7ktiztiz mm^ -itT s Hijiem4 m° > f-^o^ 

m^miSms^iy^X O Sit=^f-rb'7^^ |*l*^:Sl|ffi$-ti■ 
^i•:>C:LT^>J:^'^. 

[ 0 0 0 9 3 '4^^mizmm.:^im^mMShcom 
mmm^i. m^^mi^^^ix^n^m^shcrmmmm.x-^ 

-r-&±T.'N°>^i: , ltriB«l'^X^ffM-ri>/::A6(-^^b'7^ 



< t h^m<r)mi f^yi-t cinzmMu>jHm<r)Wi2.'i 
y^tx-m^-^n^^tt nzztn-.iimm'oizmij-ti. 
xoizmfi^^ix. mmm2ny^i±^ fmmm^mnB 
miz. ^co^imimi^^y^x OBfria^^^b'T-^f 
h-iz^mifz^m^j^io. «i£7>® 1 i-izMixB\^iL 
A.x^^(o^mmm i ' ■i-c'.mm^z-m. ttz^Mt 
x-mtrt^zt^mmt^i'. 

[0010] =Srfc\ iaMSBi^Mt^ist^-Cti. ^^le±'^• 

yf-t LT. MffiT^N°>^c?:)^l .ST/||2.'\'>f-i:-?-iX 

-en.wje-t s X 0 izmMMs^^y^b zinzmttih 
[^m<7>m4^iy^bx-'m^'ti>bb tizzixi^-dmnm 
izimi-hh<7)imvK rmm-i^^y^iK ufAm^^ 
cotnffimrt, mmf^2^-<y^i:mmmi'^yi-izMix 

3\^msZbiznm^-^X. mimA^^y^co^ctQ^m 
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h:ff\^iz^{z^mLX'>^< b iy9\-m<r)m 1 f-t 

z ixi^ztktix^ 2J^yi-b xmf& ixv^^^tc 
it>jm2^'<y^t^\:::ycr)m.TmHz^mi-^ bbUzm 
1 ^^y^t^^ta:i9\-cr>^mzn}ibi t z b . 
X . ^3&^r izn LXTijiz^t^ >a<^^ 

[ 0 0 1 2 ] ^ LT , \^ymT^^\<zim\,zwjmM^ 

im^'t^ ^ {Ccfc o -C^-r b-^ < F^OJSt4r*5|?c05)-^ 

$r%-t:-c-# ^/ci^, z<nmmm^w±ixmwi^ix 

—ifthZbifiX:^. 3&>*>5£E^#^M^LTt«i^ 

Tmi<zfm^fi^ thX^teZb^tt£V^^ 
[ 0 0 1 3 ] s /i. ±fam:^St-*5V^T V ±-'^> i- 

^ . y><yi-<7m, i m/^2ny i-b^tt-^ixnm-th 

X -5 (CIS .3 ^ '^y^m/W,4> N'> ^tlSfS Lfz 4> tOTIi: . 

N->^ ^ b'T^ ^ L atJ'i? . 2 V \° y ^ ^Sl 1 
ny^i^zn LT^I *iit?c t iclHlSfl^-ttt . ^Af^y^ 
<r)9m^mSJ^y^X 0^-rb*x^l*l*tC^m$-t^:l.<I 
i: (c J; 0 , ^^r\^'^ ■< r^]tcfc(tl.Mf4«)'*<7)^«i:b^llil 
•SS-ti-^ C: bi}^X-^ i> . ZixlzX , ^^b'i^ ^ 

i'r^Mnmi^<r>mmi:-m^^^-^mmizi^-{tth z 

b-fj^mb^^^. 

[ 0 0 1 4 ] ^i^T . ^^mizi^^mf<im^^fmm(^ 
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^y<n-Y}5^%\,zmmizwMn^i%m^^h ^ t 
[ 0 0 1 5 ] ^LT, iiiymrm^zmm^zmmn^^ 

$ -t^rl. ^ 1 i -:> -C ^ b'f - rtiOiStm^co^^p 

X, mmks,i>zr-^s,i!3m±^tco^m±x'^ tj:5iz 
[0 0 16] tti^ ±^mmmizt3\>^x . u^y^ 

<r)%^^'m3ny^i. D=Jr^ b'^^-f rtS-t:§gaj$-ti:-l><r 

ft.1. wm^(?mm&~m^^ij^'ommzn-\t-t h z 
tti^x^ . Mmm&{z^B:m^^-ti><r)^m±-ti>z 

[00 171 

~E1 1 6 t T ISHH-r-l. . 12 1 RX/m 2 ^zm^X o 

tc, zcomm<^mmii. mi 7izfsi-tmj}yu-:^it<^ 

Slil,zmf\^mfh i>(r>X'hfHf. ^coi d^^'/T 1 0 

1 c7)m&m t LT >^ ^ t izmm^it^. mcommm 
m,(^mm'Sk lx tmm-t^ z t s , 

[ 0 0 1 8 ] -e tT , =5r^- b'^ ^ 2 ti^m^^ix?> 1 

. ^^\l^a2 ^m^.xnm-h * w«<^ 2 ^<r> 
*m3, ^tm.nhixx'^^h im2mwi . t.fz. r 
4 Hi. m^^e{zi^^ixtiimx'i^^rv-h5\z 

pgE7*>\ mfmxmm-thn y Ymf<zw^Mxx\,^ 
MoT. r-r Hi. u^y\^m^^m'^'^^zti,zx 

[0019] ttz. lll2mt>'03jC>^-^J;atr, r-f 1 

(nm-ii3izmmk(nmm^y9i}K ji^c*tjl4 t 



m.^iix^^h,. z<;mm>iy9{i. 9tmm{m2c!^^ 
m ) mmz'h'im 9 a ^istt^ 1 1 c> (c. ^ c^^'m^ 9 
ac^mmM-^-^m^i&u i x^r-^^^ 9 b ^^mf^^^nx 

mmzwrn^h^ztizmiii^^ i,i^-cii^-< , mta 

[0 02 0] mmi^yi oti. ^mm (m2<r>iE 
ma^ 1 0 a tti^iz. ^co^mm^^mim. 
m9hmj^^-/mioh<7)^~jmmii. mso- ~ 

4 5" cr,^mizmMi^iMK ^«OAS{l^E*icS.«^ 
|>ii:;^T'i;-|., /tfcL> iii'^>T— .'N-SiI9 b . 1 Ob 

[002 1 ] ^/c, .'Nm 9 a ^raPSP 1 0 a t^K-A^A 
ix^i><Otll.€$ix-r, |^;i«VM5g|59ac7)^S^:, m 
MK-y 1 0 «5D^4g^:a-S-#lc?§^-^i^-t*:^ IdizLtii, 

^ 1 5&>f § S , ^-cB , SMb'y 9 tillt{ib°> 
1 0 i:<:05§&#^-ti:(i[g2r=^-r b'-r -( 20^4'3^ic^^ 

mmzm-:^,n.i^^^<^y:^B:<nm.'t&ztiMmt 

[0 0 2 2] ^^c, I2l3(;:s^'rj;5t::. ttflOby 9c73/h 
sat 9 a ^Milltf> 1 OiOMPSC 1 0 alzmibjirt^l d 

izLfzhcoTi±. mm^'y9tmm^yi ot^rm^-^ 

*5-tirfcfcSt:- ZtLi^l^y^^-c'iz'r i 2\*^xmmizm 

m^'t^zt ^-x^ . mm-i>±T^ ^y^^z x-^x^-r 
[0 02 3] ^v-»-c, mm^y9ii^ 02tc*-r-J:o 

iz. m^l l^^LTSW^Sl 2^^^fgg§i^TV->«,„ 
<r <7)IEI!j#S 1 2l,i. v-'J 1 3 i: f x h >n >y K 1 

4 fcTi«fiR$tt, mm> 0 yym.co^ii^'tnzmi^^ti 

OUXhyo-yK14i;fctt:M#l 1 ^^fr Ltfililtf 
[0024] M{it> 1 OtS, i^^l 5&^LT 
mm^&. 1 2 i: U >'r l 7 i: bV. h > n -y H 1 

8 b xmm^ix. mmi^ 0 yvmco^ix^-ixi^zm^t^n 

?.xTc7)E:t((: cfc -yX bX > a /HIS ^SBWi t . ^ 
ofcrxh>-a>/h'l 8i:f:i,t2^#l S^frtTttlitry 

1 0^^»j§-tt-SJ:o{;LTv^l.„ 7t:7^iL , ::iii^>SBI6 
^Sl 2. 1 liffl!lb>9X(iitt(ilb> 1 O^wm 
{,cr>XMii£±imX -j^mf^<^:>i>cr>izm^^ix 
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[ 0 0 2 5 ] ^-Jy . mwmS: 1 2 J; ^ ISffit > 9 <7M 
ma. 'hfiai9 a ^ ^ 236'i-^aAS'lt^^^m 

ci: l.lt«!it;'>' 1 0 i^)flllj{±, -r->'N"IW 1 0 b St^a- f 
^ 2 A- A 5 -^tc^m b . "r-^ -tgp 1 0 b * # A' b'-f 

[00 2 6] ^LT, iMf!j¥S12, 1 6{Cj;-5Tttfil 
b>'9atA'ilHfflb> 1 0Sr-?-*i-e'i^t^^b7^-^ 2lCia](t 
rl^^-ti-^ifcfciO. ailf!It^> 9c7)/jN@*|l9a3&fit 
fflflb-y 1 ocomniBi 0 atc^i D3i^, 

C^iT^-^- -^1$ 9b. 1 0 b b'7^ 2 t^Sffi L 

t^^^. ^±j, ^^-'-f 1 fcSii#Si 2. letcomii. 
r^^r-( yv~ v 5 \,zmm'&-Mtf)f^'- 1 9 tco: 

-5TMi:>ilTfc 0 . Wmv 9^iKffl|b > 1 0 , ili^ 1 
1.15. t^Xh>n"/h'14. X^^mmthi^o^ 

[00 2 7] ±1^^ tHie>'9&tXfiHib>i Oio-eii 

-Filter. KttcTjx h v./s=2 0.21 //KD Wt^.tl.. 
-f- -y h 2 2 . 2 3 C J; T -C- il-f ilfA:^r^v<7:»f|iU:d5'"f^± 

> 9 mfmm^y i o ^^^tm^-r ^ 2 icroiftT 

^l6$-»i-/iii^. X h "/.'N°2 0.21 i0^tLm3&^':5^-f 
1 <^f^m~ - 1 1 J; T . ffifiij b >' 9 au'iifi 

b> 1 oto^nmji. ^<^^\SLm^hm5^(n(miif^ 

[00 28] ■r/^s°2 0 . 2 1{±. ailSJb°y9a 

t'='itlHllb> 1 o*^(e;>^j.iLhtc^-vb-7-^ 2:f3[&]/^?KiL 
T o <n^m!t-tl> ico-C-^)^ . ^^Lt J; 0 . majb" 
>'9&tXiliffl|b'>'l OiOT^-^tlsgb. lObSr^^b' 

. tzflX^. X h •7.n°2 0 . 2 1 i: LTH^T^cot,<7){cBB 
^$ix^i>cOT{i^<. F/r^egtc*>^atfl!lbr>9^co 

h' 1 4 . 1 8£7)^16»S:jEffit$"JffllT'i^ t h<7>ThiV 
{f. X h •vyt2 0 . 2 1 Sr^{tS*»|f*»{iffST^>S, 
[ 0 0 2 9 ] ltWb> 9^^mji$-tt-^c{aET-. 

12, 1 6t:J:oTaiWtf>9^^«!<m^T'§&i<7) 
[0030] ^/t. ^-f Iti. PgP73&if|f))-r-g.,r i:t3 
€.3£)«. .lOfct^. IBSft^Sl 2. 1 6i,r-< lc?)^^>: 

[00 3 1 ] T.'^°>^24{i. =^-A'b'^^ 2c7)T 



-r J: •? tc. 'hf^9 a (ffii!!b^> 9 ) <7.)M^:fT^km^ 
i--&*|S]{cMt{='5i-«'J$n. i'hfffilom 1 2 5 v ^ 

''^°y^f-2 5tCi^iil.?.«Ji')m2''^> ^2 6 tV 
1f)K$ifCl»-S. ^oT. m2A0^2 6{3:'K1^9a 
c?)irFt::'©S^l.i:fc tfc. ^1^^>^2 5ii'jN®iI9 
a crjitTJ^Jl^KcliiS^- t (:^: . 
[0 03 2] ^LT. ||l^\>-^2 5{4. v ';>:^''2 7 
St>'^.A'-28Srrft-L-C«^SfcliI^§/tT±3»). - 
ir. ^2^N->'^2 6<4. i' U>r2 7|*|tC-fe-y hSiLl. 
bXh> 2 9fCl^;>9#{t^.ixTl »'S. fi!-.T, 112 
^26 {± . U >'r 2 7 f^l<7)±^m 2 7 a i L < JiTiS 
m2 7 blc:-5-tL^^-uAffiH?--d<*>^>i?)?SJE5!)«SA$ix^ 
Z b {C<t -5 T . bX h > 2 9 C^MWi'^ft irmif'O'f- 

crm. xr-> 'J yr^^-s^^-b'comm'Srm^^t^d 

[00 3 3] ^Z::. <r(7)||2.-'t>-^2 6(7)^!J|{4. ^i?) 
ml^^°V^2 5 J: 0§§aLir/M5^9 at~^«L^l,vffi 
2 6 O^WjI^ffliJO^^Ji:. b-X h > 2 giJOffiift^TtS 

[0034] fcfzt . Z<nT'^y^2A b LTti. 
i7)J; o tc.H5)-SiJ^^ ^ h tcRB5g§il-r. ^ 1 /^■>^2 5 
S.t^B2^'5>'^2 6 ^^n^'^iS ^>tcMt(;^»iJL"r ^ 
ii^tm±.Lxm!rthiio^j:{><r>X'h'yXi>i:\.^. z 
(D^X'h -5 T . m 2 / O 2 6 {4'jH@gP 9 a crMT 

umzim. L . < b {>^m<^m i ^ n°>^ 2 5 
'ttzb\±'mfC'hh. 

[0035] t^fz. T'^°>^24 t*^8tc7)^(3{4. 

'r/^>^2A(,znLxw^mi^^thi:><r>xh^. ^<r> 

T^N'>^2 4 ^mm%^hm%m'^<»'mwfz<r> 
mm.^mzi^'^xmm^'^ix. wmm<^:>wm^it\^ 

X-ff^>^2A^mS,^^^hk^\z\^X\-^h. ^ 

t::fll«RW* %^7Lfz t co^-liiiKiiO A-C-#j T i> J: v 
[0036] ±tz. ^iWmt, T'' 0 ■?-2 4£0<^Sr*t 
IRi: X^xm^^ixhZb^zm^-th i<?)T'{4^< . Mi. 

r-f 1 b r-f rv - h 5 i: oi^a^H^ {,L<\iZZb 
f> f - 2 4 ayM-n\izWry^ J; 3 1 L T i> J; V ^fc . 
SSI!r«l«* 1 b y°i^~h5b (nmizmifcm-^ 
(4. y^ •*-^:t>*>#A'b'7^>f 2if*^iii6$-t*: 

s^tt^s. zcr^b^. mmmbi-^fj-s^K mm^ 
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[0037] ±M">^30{i, ;*VN-3 1, =^0 

•y K 3 4 iiaJS^iiTJi . ClOn -v h' 3 4 Sr^U^-tt- 
tcJ: 0±Tt1fI!)^-S , ^-is, c:iO±n"> f-3 0 

[0038] i/i. ±VN"> f-3 Oi±. m 1 i^l^-Ti: -5 

-th X :> l3l«ict;:#WI$tu WPJc^^ 3 ^n":^^ 3 5 ^ 
<7j|^3 A°>f-3 5(:j*-iil^f^fi|£0||4yN°yf-3 6 fc-C 
«)^$n-Ct^^<. MoT. .I|4^N">^3 6{i'J^g|I9a 
c7)ilLhfc©g^& >: t K , ^ 3 y s*>^^ 3 5 (i/J^@g5 9 

[0 0 3 9] ^LT, m3n°>^3 5{i, ;^/>-3 1 .& 
tA'i^'J >r3 2S:^tT^gP«3 3t;iaS$ilTj3 

0, —li. ^Af^y^Seit^ v-U>^3 2l*ltC-b >/h 
$ix^fcrxh>3 7(cB^>9Wt^jftTV^^. M-^T, ^ 

L. —-n. 114^0 -f-3 6{i. i^'J>^S^"3 2|^c?:)TiPS 
3 2 a t L < lilMmS 2 b tC^^-f *ti*ffi-<?--Jf'3&-i?> 
t^?A)E*^'#A$^il. i i: i 0 , fcfx h > 3 7 <7)lE»;$r 
^ LT m3 M">-?- 3 5 (c*^ Lffl*te^Jtc±Tt^l&^-S 
flfzL. m4.J ^36 <?J>Sglft^S tLXM. m^(n> k 

[0 04 0] t.ft. Zi^M4r^y^3e<^^mit. ^CO 
^mt^m 3ny^ 3 sa:>^t^Ltz^mJ}>(> . ^CT) 

3 6 co^|ffiffli7)|S^{i , b'X h > 3 7 colBKjIiBBTiS 

[004 1] tJiL^ C<7)±y>?>'f-3 0 i: LTJi. 
c7) J; d tcHiffiJ-r?. i i: {^H^^ii-T. T^-^y^ 2 4 
^i•S'JL3t^EiR^^^BtTI^3/^°>'^3 5&tf|S4>'N>^3 
6 i^ix^'ixmMUz^PlLX ^iito-hmiL LXUm-f^ 

1. dtsi,cr>X'h->Xhii\^. ^co^-^T-ifcoTij, Zix 

o^j.-^: < i>nMom 3 3 5 \izmt.it^ 1 1 1 
ffi 3M->^ 3 5 {C*f L Tffi*tWt^i!rr^ i t \i.mkX' 
hh. ^rib\ e:n^Sgl-4VN°>-^2 5. 26. 3 5. 
3 6*»^>^^T>'N°>-f-2 4S,t'f±-''?>f-3 Q{4. ^-rt' 
^^2 fcJEm^fLfcJM^Sfa^^Jnffi'^i, tc7)i: LTffll^ 

[0042] ^-fS. JclJiiOtgjtJiaT'Ji:. Tvn°>^2 4 
(nm.l^^y^2 5 ^SSLT (±T(c^WL^rt^j; d t<z 
LT) . l^±.T\,zmm^-^i>^A~T(r)i,<nX'hh 

X :i LT i ct !< u -r^:f?*> . 1 i: 1 ^ 2 5 



h mmm^zi^m-th x ^ tit js: co-e^ate', ^ 

[ 0 0 4 3 ] . 12 1 7 {:>j^-f-^ yT 1 0 1 ^'t; i?) 

m!ri\m^jm&x<mmjm^zr>\,^xmm-h h . 114 
( B ) . ^m\tm^m ( c ) . jdeehi ( d ) . tsjit 
(F) . mm^ym/mm^ymxjo^ (g) i:<,^-5/:: 
[0 044] m^jwxs (A) icov^T{±. msm/ 
/::>>-c. mb^z^-txr)\.zm^n. \ 2. 1 s^^n-r 
'r>!2i<z}fi\tifxmm^^h. zcf)t^. tefaib"> 9<7)/h 

f5gl59 aimmify 1 OCOBBPSK 1 0 aC:Kt OiiA. 
36»'5#x-''^i59b, 1 ObiS^'^^-^-f^-f 2tc^itlL^o: 
4fc^i:^:-5rt->S. $A,fc. T>'^°>^24^:, m2/N"> 
^26 1 N°>-^ 2 5 i 0 §^ai 1 T . ^ 

m2y^°y^ 2 G C0±3SS/&''^-'N°SP 9 bftifi{C0iKt--S J: 

[0045] tfc. meizm-iotz. itii!ie>9atx 

KHPJb> 1 OtO^^f^^A-b'T^^ 2t:rtfHfCm3S$it^c 
t^tti. Xb-yyN°20. 2 l{Cck-5T. IS{ib> 9^ 

tfi^tLi:j±-mmi^j:^^X5izmm^ti^. ztuzx o . 

itMtf:^9SViti!fb^l 0<ny''-J^9h, l ObJ?) 

^iimJi . ^ ^ b'ir ^ 2 ff^mizi^-ytimm^mitzm 

[0046] ^LT. H5at^6t;^-#-J:eilC. 

3 8 ^ # ^- b'T^ -f 2 ±:^CC#«J$ -fr -S i: t ^ (wJKISf 
fji^^ y ^--rs ^ 2 ^zim-th ( m 1 

^-^3 8{cJ:5fiti(^^r^tcRB«-r^4,co-C{i:55:<, 
[0047] mz. m2ytmj:m ( B > tc-:>V»T{4. El 

7ia.L<08t^-f±3tctf*>*t-s. y-^ i±tci-i 

t^T7>f-r3 8tra7 (US) *:^rtc:^Ki§ii:. 7>f 

3 8*if|||)^^l^. #-rb7^^ 2tC^i«$tL/i®ffij5l? 
^y^-r38X't^^?>Ztl,zX*). *»A>l,df-\'b'f- 

^ 2 t-Slit^JMm'^Sr^W-C^ hXdizlX\>^h. 

[0048] -^-LT. mim/msiZTjk-tXoiz^ 

l&Jt^±tf-&o T-'^y^2 4<i^iJjL^li 

fcA^). Ml ^N>^2 5aiX|g2^N'>-^2 e<r>±wfiim 
mz-ix- A- b'7^ ^ 2 c^T:^{if?l)i-r ^ t i; 0 ^ b'T- 

< 2i7)jEt4rM*^i^)i^. 'hf^gpg aarrtciif-m* 
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%Z>h^yt^':Z>, Z(7)tb. mi '^y^25tM2^■^y 
[0049] 5r*3, y-i 1 i'm:>±.ifxr^-iy^2 a<7> 

[0050] tfz, T^^y^ 2 4 \izmmm^}^-B.ii ^ti 

L < \iim^kcr>!iy^J:< h {.-:tTX^mmi:miLXT 

Sg|19 aitTK J: 0 J: < ^m^'th J: 3 tc LT 

i^^, 'Srfc. vliO^gDlSfllfi, T^N"y^2 4<7)fl!j. tT"^ 

[ 0 0 5 1 ] $ /bt;. iiij«fli«i{t&»iii^a«)Wf 

fm*^ Sail t^: fc § (c , ^<^)mm<7M^mz'him 
[00 52] d^^z^ %mimmjLn ( c ) tcov»T{i. 

m9l,Zn<ti:o^zrxt>ii^^. Jr^-tf-^ 2o:)±\mium 
Wj^^U-^y^^ 0^^Lm5tti^\,Z^ |g4.'N->'^3 
6 Srffii(lLT<-£7.)^feii^m3 A0^3 5 cOTS*>i':>5§ai 
$-tir. ::i^fc|HJB#(c|^2^^°>^2 6^ml ■'^'>^2 5t:: 

U9 a.m±M!if<7)mmmMii'^^A>^y^3(>{zn^ix^ 

-yj. ^2 '^°>^ 2 6 ^m^^^t^Z tiZj: D 9 a 

m.Tmi^i,zwMWMim^&t-txi5^ , /j^^9 aa: 
m&ti>xdizLxv^h.. 

[ 0 0 5 3 ] ^-fc. riO^«JtlSSX^(C*5V m2 

n>f-2 6iti, ^(r>^m^mi^'<y-f'2 5^)^i,z—m. 

•t^^tX-6\'yil»bUx. --fJ. ^4r0^3 6{i. m2 
>^y^ 2 (>ij^^\')}hA.fzmznmthi.'^t,zm3>>^y^ 
33i)^^m'^-fh. Afz, |?2>'N°>'-f-2 6-^m4^N">'-f- 
3 6*«Mtt(Bt^M$ixTli^$fLrt»^«^{:{i. SI 
2.fiy^2 6 iO^ii^ii*^^! t= ati-i > . 

[0054] fzfzL^ ±>iy^3 0 , ms^^y^ 3 5 
ai^||4^'«>^3 6 tTmi&^-^&Zt izM'^h t<?) 

Ji^. ^iftJtMriS (C) {i, T.'<>^2 4{:i5i,^ 
X. m2.>^>i-2 6 -//m 1 V N">^ 2 5 L I ii* 



[0055] iW-C, tmnn ( D ) tC':>i,>T{i. Hi 0 
^U-mi 1 {^TH-r J: -5 {cfr*>ii.g. . r/<>^2 4lii, m 
l&ym2/s>4-25, 26sO^Jffli— ifcS-li-.. 
±^N*>'^3 0(i. .m4.'N'>^3 6$rll3^N'>'^3 5(C*r 

3 0 i: ^° > f - 2 4 i: <7.->^X'^ ^ t t- -f 2 F*lcDJg^fM5|5 

Srjiiff t . ff*&f* 3 9 ^mm-t?, . 

[0056] ZCOt r^l ^^'JfT-fJiZ^m^-^t 
XolzlX^ ^\ vflgp 9 a 3 9 aM^*izttr.m:t 

^ i d tzsiffi-r « =^4-3 , r 1 ^■'i-' N°> ^ 3 0 cowm 
imi±> 'J yrm<r>mmmi>zx ^xnhti, ^ti^h(^ 
fmma, ^m-^y^izm-^K tuti^ift^i; -^xmrn^ 

t;tt/.-C. r-< l^lll^-^-€>i:^i^CTv^•^^2 4^^ 

[ 0 0 5 7 ] Sit, ±r^>>^ 2 4, 30 xmmmmi 

(if > 1 0 cOt'-' N-gP 9b. 10b SrJ'hfiiJ(w|6l{tT«JJ± 

■rs ;ti6 . tftfflje y 9 mtpjatfflitf > i o izi±n-mi>zjtnf 

X^m^it^^iJ^m<ttK IBi*#ai 2, 1 6TMb- 
y9&T/mmi^y l o $r^ixeiiH?jt:^[S]tc##LTV > 
^fzii). ^-mM^zimt^ZtitKc^K fztzL. Zixi^j 

tmi^>9m<7)m&i^mm'thfzib(nmmm^y-i 

[0058] mz. jEsc§ - mm^y&vmM^'ytk& 
xu ( E ) iz'oi,^xu. mi 2 iz^-tx o \,zmoixh , 
^-t. &fbW. 3 9 izM-Thirfy^y^ 2 4 , 3 o <r>ts& 

^M^i'-t L < imii-tt . Jt^iL . ±J^y^ 3 0 
f4c3 9*>^>ai#Si-ro-C{i'Sr<. ±T^N'>^24, 3 0 
r-fEf/^* 3 9 ^m^jLA^tit. t.mfMt tt V ^4 . -e L 
iEiJ>^P51 2,16 (I32#M) Sr-en^nJKi&L 

Tiiiffliiey 9 -mrnm^y i o o^^rs-^A* t ^ -r 2 a- 

[0059] ^O^*, E^flE3 9 tc{4, /hfSllP9 aCO 

s A, . ffifpji h° > 9 mf mm t- > i o ot— ^ 9 b , 

1 0 b t .4; -5Ti±^#: 3 9 iD«7L4 0 tctiffilR 0 *»=5r§ 
ni^^t^-^TV^-S,. ^fc, ±T>N°y^2 4, 3 0 
{±, J±m3.9^-v^jDffi^«;i''i L <(Sl^LTV^^>fc 

0 , L;&-t , m4 0 *i®^$iL/::J±a»;3 9 ^ff Lo 

[0060] mz, tttiixs ( F ) tcotJ-cti. lai 3 

1 4 (c^-r J; -5 {cfi^ „ KWiW^S 9 S: hT>'^" 
> 2 4 , 3 0 X'^A^tzt t. , 2 4 co±iS*^;/ 

-i lffy±mb-'Wct^^tX'r^ 1 $:Tirtc^l&$i*:l.. 
^ilicj; 0 . JI?&#:3 9{4r^ 1 ^ 2 ) *-^:> 

JS^ffiSiL, W<k. ±^^>^3 0trEm*3 9*^^,^| 
It-t C j; 0 , ttf/j'* 3 9 tiTv 2 4 ± ( ^?'>f 
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l_h) i}-(AlV^iii^tL. Em^BOmL^^tii^M. Z 

^ti. COifeajxm (F) Tli. ±T^^>^2 4. 
3 0{4. ^lRX/m2Jiy^25. 2 6c?)5feSS|3|±. M 

[ 0 0 6 1] *;^c, ^-f 1 //T:*'fc#»t-'l. C btzX^ 
T, ffimf*:3 9c7)j|!|ffii:dfA'h'T^^ 2<?)MMi:i7)fa:{;«^ 

^LT. JH?^*3 9{c(im4 0AJ 

«ltL4 0 <7)±filg|5-5i-(C:7 5 V ^mt^^ t-^-r < 4- ^ T V ^ 
L*»L, JE^fls3 9{c{4. SIHIf >-9mt^ltffi!ie> 

1 0^il.-e^lCD7^-A\°gP9 a . 1 0 at J;oTm4 0 

[ 0 0 6 2 ] <*:tc. »f >&?/ltHitf AXS 
(G) CH^Tti. lai 5Rtmi 6lz-7r.'tXolznh 
ixh. 013 &t>'ia 1 4 <J04t«4 T'T(f ^>ixT V 

2 ^N°> f - 2 6 <JO$fel};«?»'y-< 1 tO'KWL 3 . 4 J: *9 Tffii: 

g|5 9 a ^rangP 1 0 a ten Lii^fi4t^^^^-S. . 
[0063] .rntc J; 0 . I^m^*^5E^^Sg^r^^ f 
25&^r>f 1 Hl^miS (A) iMm 

( G ) <r>iim^t-'^^m 5 6 7 >f -^^ 3 s 

(A) 

[0064] Vl^r^cO^ 9^—9-^ ^./K^J^Hi^j^OSI- 
c tf: J: 0 , 0 ^itoffia^s 9 ^jg^tt^J 
-rh:LhimW,^z^j:-^XV^i>, ^;B, 1 5&*ii>SX 0 til 

jft.s^i«a!^-&/i*^tC)iirof^$n-cgi 1 7 {zm-i. a ^ 

[0065] 

^hm.-^-t^l7\p\iz-mAzm\LX^J>-ts:<b i,9Vm<7>^ 
\^-^y^t:iixiziiktixh\f^m(ri^2ny^tX'm^L 
X V fzib.m2 .> N->-?-j'/h°> C0irFglI*t:2*rj[E1--& i: 

m->x. T'^y^^^r-( izMixTiji>z^-i-i>m 
[ 0 0 6 6 ] LT , \::y m.TmMzmmizmmm^^ 



[0067] ±tm^:fsmiZio^^X , ±v^">^ 

, T^'N^y^i^lS 1 RX/m2/^yi-t -enmm-rS 

J; ^ izf^3^^y^m/m4^'<yi'X'm^ltzi>coxi±. 

^<yi-izMixm&iyzi:i.zmm^^x. m4/iy^ 

t (c J: D . l^t^isft'S. wMmM<o^mit^m 

m^^hZt ^^Xt' h o Zixiz J: 0 . ^ b'f ^ 

[ 0 0 6 8 3 iggv^T , ^^mizw>m:t:nm^mmcn 

{wfe^ * ix S l^ffllc^m 2 V t >- ^ t T-«fi5t LXUhtzih. ^ 

2J^y^ifi\:fycr>mrF^mznm'r& tti^izmi f^y 

m 2 ) ^y^if'W. 1 V N°>^t:*f t T § I * iit^ i i: J; 0 , 

[ 0 0 6 9 ] ^ L T . y:^y^U''7t^zmmzmmm^-k 

Sr%-tc-e#2»Jt:46. >!:iOM^S>**SnJELT0jS$ix 

ft:fhm»;(c±>v . wMSsM'^mim'm^^nm^z'i^ 
— fb-t-s w i: t^x^ . ii>ii-^mm%mm\^x ^^mm 

X. mms^\iz-^'Sk.sk)fimL-fh<n%:Wi±^hzti)-x: 

[0070] ^fz. iieMiinat^sv^T. ±^N°>^ 
T^N°>^«^igi .at^s»s2/N°>^fc-eiX'fix*tii5-r?. 

i a t;:^3^-?>^atXIS4^<>^T«^L/>: i)C7)-C'{4, 
±yt>'^$-^^b'7^^ {cittatf^, W,2.ny^^W>\ 
rxy^\Z^VX^\%jkXiZ}L\>zn'm^^X. ^Any^ 
<r>W^^%Bny^X '9=^f^b'x-fi*l*t:§^ffi$-«*:-5^ 
1 12 i ►) , Jr-vb'TT ^ r*itcia(tl><sm*io^*Jt^ll 

hii^x%. mm.^t,zy\-fk.mm^-th<r>^m^-thz 
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[06] m.mi^<^mi%mj.m:^'tJEmmmx' 
[08] wm^t^2^mjm:'%^iEwmmx 

[09 ] mm*«^^«Jti^Xg?&nt-rMffi=g|3^0 

X'h^. 

[ 111 0 ] MM«**i7)1in£EXS^S-x-f-illB^]^-C'<fe 

[012] JEr7^*{c^f^i-^^Eic§ ■ mm\^yiBLU^mm 



[013] ]m^cr>mnMi:^mmmmx'$> 

«>., 

[014] i±«,^*c^^ficajxg^^-riE[fDmit0T?j 
I.. 

[015] Mffflt^v-at^jaUPJb-yf^AXSSrq^-riSM 

[016] tinfflt:> &tf|jtffl!ie>if/a:^Sr^f JEM 

[017] fli?^:$'^'o8CT7'l^-?5^#(?)f- -y T 
^ff5n°p) «r^^-rM«0T'S>S, 
[«^<7)|jiH^] 

1 r-f 

2 =¥^b'-f-f 
9 MPJty 

1 0 iUfflb'JX 

2 4 ynvi- 

2 5 m^N'V'f- 

2 6 IS2.'^>^ 

3 0 X^'^yf- 

3 5 m3n>'-f- 

3 6 ^4.>ty^ 

3 9 JE^fil! 
40 
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